probably a polygenic trait [3] associated with increased hypercalciuria and calcium nephrolithiasis.
The calcium-sensing receptor (CaR) is a candidate renal tubular calcium reabsorption according to extracelResults. Using nonparametric linkage analysis with various lular calcium concentration [7] . In the parathyroid gland, intragenic and flanking markers, we showed that the CaR gene could be excluded as a major gene for hypercalciuric stone the CaR induces inhibition of PTH secretion upon bindformation. We excluded the CaR (lod score ϽϪ2) at s values ing of calcium. In the kidney, the CaR is highly expressed of 1.5, 1.68, and 2.6 for sib pairs concordant for at least one in multiple nephron segments, including medullar and stone passage, at least two stone passages, and at least one stone cortical thick ascending limbs, proximal and distal convopassage and calciuria above the 75th percentile, respectively. luted tubules, and inner medullary collecting duct [8],
Quantitative trait linkage analyses did not suggest that the CaR gene was linked to biochemical markers of idiopathic where it regulates renal tubular calcium reabsorption.
hypercalciuria.
In addition, the CaR is involved in urine concentration
Conclusions. This study shows that genetic variants of the and dilution, as it inhibits the action of vasopressin to CaR gene are not associated with idiopathic hypercalciuria and balance the need for excreting calcium and conserving calcium nephrolithiasis in this population of French Canadians.
water [9] . Genetic variation at the CaR locus is linked to urine calcium excretion in rare monogenic traits, including familial benign hypercalcemia, neonatal severe The passage of a kidney stone (nephrolithiasis) is a hyperparathyroidism, and an autosomal dominant form common event that will affect 5 to 15% of the All families in the study were of French Canadian descent and were recruited from several specialized from peripheral leukocytes by a salting-out procedure [17] .
Total N sibships (families) 64 (55) 43 (41) 17 (17) Amplifications of three multiallelic markers spanning the a Affected siblings for the trait T75 had at least one stone passage and calciuria
CaR gene locus and two intragenic markers of the CaR above the 75th percentile in our database gene were performed by polymerase chain reaction/electrophoresis methods. The intragenic markers consisted in two biallelic polymorphisms, A986S and G990R [18] , amplified in a single fragment using primers CaR3343S (5Ј-rum samples were performed, as described [14] . Each CAGCCCAGATGCAAGCAGAA-3Ј) and CaR3500R affected proband had at least one calcium stone episode (5Ј-TGGTGTCGGGTCAGCGTAT-3Ј). We used singleverified by crystallographic (pure calcium oxalate or strand conformation polymorphism (SSCP) to resolve combined calcium oxalate-calcium phosphate) or biogenotypes. The construction of genetic maps was carried chemical analysis when available. Overall, crystalloout with the CRIMAP and MULTIMAP programs [19, 20] . graphic analysis was available for 56% of probands (31 Genetic and quantitative trait linkage (QTL) analyses out of 55), biochemical analysis for 25% (14 out of 55).
on intermediate phenotypes relevant to calcium homeoIn 10 of the 55 patients (18%), no stone analysis was stasis were performed with the MAPMAKER/SIBS proavailable, so calcium stone episodes were verified by intragram, version 2.1 [21] with the "all pairs" option weighted venous pyelogram (radiodense stone). Available hospital by sibship size. The aim was to determine whether comrecords (abdominal ultrasound studies and x-ray film) mon genetic variations at the CaR locus specify particuwere reviewed to confirm unaffected status for healthy lar quantitative phenotypes. relatives. Individuals with a history of urinary tract infection or with any secondary condition that might pre-RESULTS dispose to kidney stones (that is, inflammatory bowel disease, hyperparathyroidism) were attributed an undeMapping termined affection status.
A sequence tag of the CaR gene was assigned to chroThe cohort consisted of 55 pedigrees (64 sibships) mosome 3q13.3-q21, confirming previous results [22] . comprising 359 pairs of affected siblings with at least The D3S3515 marker was closest to the CaR gene. The one stone episode (Table 1) . We defined "more severe" distance between both sequence tag sites was 0.105 rays (at least 2 stone passages) and semiquantitative (at least (approximately 3.15 cM) with a lod score Ͼ17. The ge-1 stone passage with calciuria above the 75th percentile, netic map constructed spanned an 11.8 cM region with trait "T75") affection statuses, yielding 196 and 52 pairs the following order: D3S1278-D3S3515-(A986S-G990R)-of affected siblings, respectively (Table 1) . For the sec-D3S1551 at distances of 5.4, 3.5, and 2.9 cM, respectively. ond affection status (at least 2 stone passages), subjects
The support for this order (lod score) was 2.99 log above with only one stone episode were assigned an undeterthe next best order. mined affection status. We used "more severe" phenotypes to enhance the putative genetic susceptibility in Linkage analysis affected pairs of siblings. For the trait T75, every affected Multipoint sib-pair linkage analyses did not show evisib in a sib pair had at least one stone episode and a 24-dence for linkage between the CaR gene and calcium hour calciuria above 0.102 mmol/kg/d (urine collections stone passage (at least 1 stone passage and at least 2 with 24-h creatinine excretion within 20% of that prestone passages) in the total group. Furthermore, affected dicted by the Cockcroft-Gault formula) [15] . When 24-pairs of siblings concordant for calciuria above the 75th hour collections were inadequately performed, fasting percentile (traits T75) did not show evidence for linkage. urine calcium/creatinine ratios were used (T75 ϭ value
The option "estimate" of MAPMAKERS/SIBS was used above 0.513 mmol/mmol). Table 2 shows clinical characto determine allele sharing in affected sib pairs. The teristics of affected and unaffected siblings for all three proportion of affected sib pairs sharing 0, 1, and 2 alleles at the CaR loci was identical to theoretical values under traits. All values are mean Ϯ SD (and number of individuals indicated below); ⌬ Ca/Cr, difference between post-calcium load ratio and fasting ratio. a Affected siblings for the trait T 75 had at least 1 stone passage and calciuria above the 75th percentile in our database the null hypothesis (0.25, 0.50, and 0.25) for all three on serum calcium, parathyroid hormone (PTH) and traits studied (data not shown). The "exclude" option of 1,25(OH) 2 D 3 , fasting and postloading calciuria (before MAPMAKERS/SIBS was used to determine the sibling and after the ingestion of 1 g of elemental calcium), relative risks (s) for which we have excluded (lod and 24-hour urine calcium excretion. Table 3 shows the score ϽϪ2.0) the CaR gene in our population (Fig. 1) .
results of QTL analyses in our families. No significant The ratios were 1.50, 1.68, and 2.6, respectively, for linkage was detected for any of the quantitative traits the aforementioned affection statuses. This suggests that considered. the CaR gene is neither linked to urine calcium excretion nor to calcium stone passage in our hypercalciuric sib-DISCUSSION ships. Finally, the option "infomap" was used to calculate
We have used a candidate gene approach to determine the information content mapping. The information conwhether the CaR gene on chromosome 3q is linked to tents of the loci were above 0.85 for all three traits. urinary calcium excretion phenotypes and/or calcium Quantitative trait locus mapping stone formation in a group of French Canadian pedigrees. We analyzed the genetic data with the affected To determine whether genetic variation at the CaR sib-pair method, as it is well suited to situations in which locus might modulate intermediate phenotypes related to calcium metabolism, we performed QTL analyses inheritance is complex or unknown. The results suggest that genetic variation at or near the CaR locus is not REFERENCES associated with hypercalciuric urolithiasis, using the en- control design, which is subject to bias from unrecog- [14], but have recently suggested that a gene at or near
